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Abstract 


Sorghum is the most well-known helpful cereal crop for poor farmers in Ethiopia’s dry lowland areas due to it’s a high yielding, drought tolerant, nutrient use efficiency 
crop that can be grown over 80 % of the worlds’ cultivated land. It has many advantages in the economic lives of the farmers in the highlands of the country. It is a 
source of food, feed, fuel, construction, fencing to poor farmers of Ethiopia. Though, many biological and environmental stresses are reducing grain yield increment. 
Foliar and grain diseases are one of the main biological stresses limiting sorghum production and productivity in the high and intermediate rainfall areas of Ethiopia. 
Therefore, the objective of this paper is to review the current state of highland sorghum improvement in Ethiopia’s highlands. Breeders, pathologists, agronomists, and 
research extension workers have all worked hard to overcome the constraints. In addition, the national sorghum research program is focusing on developing tolerant 
varieties that can withstand a variety of pressures by backcrossing tolerant characteristics into existing potential landraces and elite advanced lines. Due to many yield- 
limiting conditions, the crop’s production is well below its potential. Sorghum breeding began in Ethiopia in the early 1950s to solve important production difficulties that 
contributed to low productivity, and as a result, a number of improved varieties have been offered to farmers. Since 1978, research and development efforts previous 
to Ethiopian sorghum enhancement have been studied. Generally, believe that future productivity will most likely increase as a result of the integration of a diverse 
collection of mutually beneficial disciplines and organizations with varying priorities in technology development, advancement, promotion, and market/product production. 
Multidisciplinary methodologies, system sustainability with temporal and spatial intensification, and participation of essential stakeholders, including farmers, in the 
technological development, increase, promotion, and proper intervention in production are also of interest. 


traditional meals such as Injera, local bread, porridge, and 
beverages such as Tella and Bordede. Furthermore, sorghum 


Introduction 


Sorghum [Sorghum bicolor (L.) Moench] is a drought- 
tolerant, nutrient-efficient crop that can be cultivated in over 
80% of the world’s ecologies. It is primarily grown in Ethiopia’s 
intermediate, wet lowland, highland, and dry lowland agro- 
ecological zones [1]. High altitude (> 1900 masl), high rain 
falls (1000mm), and low temperature characterize Ethiopia’s 
highland agro-ecologies. Highland sorghum production 
accounts for only 10% of total sorghum production [2], and 
it is declining in some parts of Ethiopia’s highlands, such as 
the Western and Eastern Hararghe areas, as farmers shift from 
sorghum to maize production, which pays well when the maize 
reaches dough stage in a short time (Personal Information). 
Sorghum is the fifth most significant cereal crop in the world, 
and it ranks third in Ethiopia in terms of area coverage and 
production [3]. It is used in a variety of ways, including 


biomass is essential for animal feed, building, biofuel, and 
fencing for Ethiopia’s poor farmers. To satisfy these needs, the 
country possesses a variety of sorghum germplasm resources 
that help sorghum-growing communities and are used in 
interventions to generate better sorghum varieties that boost 
sorghum production and nutritional quality [4]. 


Despite its huge economic benefits, sorghum production 
and productivity are limited by a variety of biological and 
environmental reasons. Grain mold and Anthracnose diseases 
are two biological issues that cause limit sorghum output in 
Ethiopia’s intermediate and highlands. Aside from that, there 
are limitations to improved varieties, such as other striga and 
disease-tolerant improved varieties, low farmer adoption of 
better varieties, poor farmer participation during selection, 
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frost, and poor soil fertility, such as soil acidity and nutrition. 
Breeders, pathologists, agronomists, and research extension 
workers have all contributed to overcoming the constraints. 
Therefore, developing of tolerant/resistant varieties that 
withstand a wide array of stress through introgression of 
tolerant/resistant traits into existing potential landraces and 
elite advanced lines. 


In addition, the agro-processing use of sorghum is 
mostly attributable to the production of infant meals and 
feed products. The physical characteristics and nutritional 
properties of sorghum products, as well as knowledge and 
awareness gaps and consumer perceptions, continue to be 
important impediments to sorghum’s competitiveness. The 
system’s complexity necessitates collaboration between 
empirical research, agribusinesses, and development players 
in order to improve nutrition, capacity development, product 
innovation, and demand creation. Furthermore, increasing 
farm productivity, encouraging farmer-industry relationships, 
and providing backups to the fledgling agro-processing sector 
are also possibilities. 


The quantity of genetic variability among the genetic 
material under consideration, the heritability of a specific 
characteristic in a given environment, and the level of selection 
intensity employed all influence breeding progress (Falconer, 
1989). It is critical to expand the genetic base of source materials 
by developing source materials of these highland sorghums for 
prospective settings, biotic and abiotic challenged conditions, 
and unique end-use attributes. Aggressive hybridization, 
landrace collecting, and introductions efforts could help 
achieve this. 


Various findings on the improvement of sorghum in the 
country’s high altitude agro-ecologies have been studied 
[5-7]. For the past five decades, the National Agricultural 
Research, in collaboration with other local and international 
research organizations, has contributed to the country’s 
agricultural development. The prior research potential 
produced for the past fifty years to modify the situation of 
low sorghum crop productivity in highland areas has resulted 
in the creation of several enhanced production technologies 
appropriate for subsistence farmers. Extension systems at the 
regional and federal levels have shown the highest levels of 
research developed technologies as related to farmers’ own 
experiences in recent decades, indicating that EIAR has been a 
leading institution in emerging and popularizing agricultural 
technologies throughout Ethiopia. As a result, farmers have 
access to a wide range of enhanced varieties. Similar attempts 
persisted after that, but despite the critical value of such data 
for crop improvement, the results were not systematically 
summarized and published. As a result, the purpose of this 
review is to review the status of highland sorghum improvement 
research in Ethiopia. 


Constraints of highland sorghum production 


The country is located in a region of the world where 
human suffering and poverty due to food scarcity are most 
prevalent. The major limits to highland sorghum production in 
Ethiopia that result in decreased production and productivity 
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are connected to factors resulting from adverse environmental 
(abiotic stresses) and biological (biotic stresses) conditions 
for crop production and growth. The major biological factors 
are grain and leaf diseases, as well as parasitic weeds, which 
have resulted in significant sorghum grain yield losses in terms 
of both quality and quantity while the abiotic factors include 
soil nutrient depletion, soil acidity, frost, and low external 
inputs with poor agronomic practices used by the farmers. 


Farmers can try to improve their farming situation, but it 
is well known that the farmer’s own creative capacity can only 
provide a minor improvement over recent experience, and that 
further fundamental change can only be achieved if farmers are 
assisted with formal science-based knowledge [8]. Although 
many improved technologies for various sorghum varieties 
have been released and developed as a result of research 
efforts made thus far, the release of technologies did not mean 
much in and of itself because they were not well promoted, 
popularized, multiplied and made available to farmers, and 
eventually adopted. Most of the country’s growing areas are 
still using the conventional production system, despite the fact 
that developed sorghum technologies have not yet to be fully 
implemented. 


Opportunities of highland sorghum production 


Ethiopia is recognized as the centers of genetic diversity 
or origin for various essential crops [9]. The country owns 
large and diverse indigenous sorghum germplasm resources, 
which are genetically different and this genetic potential is not 
yet adequately exploited. The diverse and suitable production 
systems and production environment provides opportunities 
for development of alternative feed and food resource base. 
Diverse sorghum genetic resources are maintained by Institute 
of Biodiversity and national sorghum research program. 
These resources are pre-requirements for sorghum crop 
improvement. The highest majority of farmers rely on these 
species of sorghum next to teff and maize in agricultural 
production activities. The opportunities for highland sorghum 
production in Ethiopia are high annual rainfall distributions, 
low temperatures, and favorable government policies that 
assist agriculture. 


Ethiopia is known as a center of genetic diversity or origin 
for a variety of important crops [9]. The country has extensive 
and diversified indigenous sorghum germplasm resources, all 
of which are genetically distinct, and this genetic potential has 
not yet to be fully realized. The development of alternative feed 
and food resource bases is possible due to the diversified and 
adequate production methods and production environment. 
The Institute of Biodiversity and the national sorghum research 
program both conserve diverse sorghum genetic resources. 
These resources are prerequisites for improving sorghum 
crops. Sorghum species, together with teff and maize, are used 
by the vast majority of farmers in agricultural output. 


Historical background of highland sorghum research in 
Ethiopia 


Sorghum research in Ethiopia began in the mid-1950s at 
Alemaya University, and it has played an important role in the 
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development of sorghum cultivars for highland environments 
with the help of American people (USAID), while local 
collections and introductions were screened for high yield 
and adaptability to highland environments. In the late 1960s, 
the Ministry of Agriculture established the National Crop 
Improvement Committee, and the Alemaya University was 
given national responsibility for sorghum improvement. This 
national role included managing all experimental stations’ 
yearly sorghum National Yield Trials (NYT) (Sorghum 
Improvement Program, 1978). Melkassa Agricultural Research 
Center currently coordinates the national sorghum research 
program, while Chiro National Sorghum Research and Training 
Center coordinates highland sorghum research with the 
help of a variety of federal and regional research institutes. 
The major goal of highland sorghum research is to develop 
and promote improved sorghum technologies that improve 
production, usage, and food security in Ethiopia’s Highland 
agro-ecologies. Multivariate approaches based on the biotic 
responses of sorghum cultivars were used to arrange the test 
environments into groups with similar ranking of all genotypes 
and a similar size of G x E interaction, which has substantial 
implications for the biotic responses of the sorghum cultivars. 
At the collaborating centers, team spirit is in full swing in order 
to maintain the same multidisciplinary methodologies. 


Sorghum genetic variability and potential in Ethiopia 


Any crop breeding and/or improvement program must have 
access to a diverse set of germplasm resources. Furthermore, 
the simplicity with which germplasm resources can be accessed 
and characterized is critical for successful and efficient use in 
crop research projects. Any agricultural research program’s 
success is dependent on a variety of germplasm resources and 
the selection of superior parents with a variety of desirable 
traits (Dinesh et al., 2010). Crop diversity research aids in the 
understanding of intra-species crop performance, which can 
be used to improve crops [10], as well as providing evidence of 
genetic divergence. It also serves as a foundation for specific 
breeding goals [11] and identifies parental pairings that can be 
used to produce heterogeneous populations with a high genetic 
potential for more selection (Dagnachewet al., 2017). 


Despite the fact that Ethiopia is a center and source for a 
variety of crop species such as coffee, sorghum, Tef, chickpea, 
and others, the country is densely populated with wild kinds 
and landraces that have adapted to a variety of agro-ecological 
conditions [12]. The country has a huge amount of sorghum 
variability since it is a center of sorghum genetic variation 
[13]. Except for kafir, Ethiopia cultivates all five basic races 
of sorghum morphology (guinea, bicolor, caudatum, durra, 
and kafir) [14]. The Country sorghum accessions have been 
connected to grain yield [15,16], insect resistance [17], cold 
tolerance [18], and protein quality [15,16,19,20]. They also 
perform a variety of functions related to resource maintenance, 
development, and use of resources [21]. 


Nearly 9, 824 sorghum accessions were maintained and 
collected by the Ethiopian Sorghum Improvement Program 
(ESIP) and the Institute of Biodiversity Conservation (IBC). 
The Ethiopian Institute of Biodiversity and Conservation 
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(EIBC) recently saved and gathered approximately 10,000 
sorghum accessions from various sources. Containing various 
kinds of cultivated and wild cousins, they represent potential 
germaplasm for crop development and a source of noble 
qualities [22]. 


Achievements of past highland sorghum research 


Development of sorghum Genetic Information: Genetic 
information is crucial for plant breeding development, and it is 
this knowledge that underpins the comprehensive introduction 
to plant breeding concepts and principles. Germplasm selection, 
trait inheritance in a given environment, optimal environment 
selection and selection criteria, germplasm characterization 
and testing, genotype by environment interaction information, 
and genotype performance stability across environments are 
some of the topics covered (Falconer, 1989). At the molecular 
and morphological levels, sorghum breeders have generated 
fundamental information on the degree and type of genetic 
diversity among highland sorghum germplasm accessions 
[4,23]. The data suggested that advancement on genetic 
information would be expected as a result of selection in 
introductions, landrace collections, and their crosses [4,23]. 
Multivariate methods based on the biotic responses of sorghum 
cultivars were used to divide the test environments into groups 
with similar ranking of all genotypes and a similar magnitude 
of G x E interaction, which has important implications for 
genotype evaluation and screening [6,7,24,25]. 


Variety Development: There is no doubt that developed 
seed is an important background source input for getting other 
component technologies to farmers. Germplasm conservation 
and collections from the national sorghum research program, 
the Ethiopian Institute of Biodiversity, and the acquisition 
and introduction of genetic materials from international 
sources such as ICRISAT are all sources of variation for genetic 
enhancement of sorghum in Ethiopia. 


The Ethiopian Institute of Biodiversity and the national 
sorghum research program provided many of the landrace 
collections used in the breeding operations. We have 
traditionally used the elite by elite or best by best landrace 
parent crossing pedigree breeding approach to combine desired 
qualities such as grain yield, disease tolerance/resistance, and 
quality from multiple parents into a single genotype. 


Following the formation of genetic variation, crops 
with the chosen combinations of attributes in their progeny 
are isolated and selected. The selected populations are 
examined in the selection nursery for early maturity, high 
grain yield, disease tolerance/resistance, and seed size and 
color. Other biological and environmental factors relying 
on the condition are commonly grown in disease prone 
areas for collections, introductions, and segregants from 
crossing. During the selection process, pedigree techniques 
are frequently applied. The yield and other attributes of the 
recently selected populations are analyzed, as well as the 
standard check for comparison. Multi-environment studies of 
varieties representing Ethiopia’s highland agro-ecologies have 
identified the most important varieties for release in terms of 
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stability and performance across environments. It is obvious 
that if a variety developed by breeders to increase agronomic 
behavior is not preferred by farmers for other reasons and is 
not accepted at the end of the day, all of the resources invested 
in its improvement would be wasted. As a result, it’s critical 
that farmers participate in testing and selection methods based 
on their trait preferences. To this aim, farmers are frequently 
included in variety testing schemes at a certain level as part 
of the regular technique, where it was discovered that farmers 
and researchers have their own distinct and common selection 
criteria [5]. Farmers’ participation in the variety testing process 
is therefore critical, as selection characteristics ignored by 
researchers may be addressed if farmers are involved from the 
start. Farmers are the final users; therefore, this is expected to 
hasten the distribution of the released kinds. When genotypes 
are chosen for varieties to be finally confirmed and released, 
the focus is on genotypes that outperform and outlast the most 
recently issued variety as a check. 


The national sorghum research program and Haramaya 
University, Ethiopia, have released and produced 16 highland 
sorghum varieties to producers through various inter- 
institutional efforts over the last fifty years [26]. If the varieties 
are fully approved and put into production with adequate crop 
management and protection packages, the yield potential and 
relative benefits of these varieties over existing ones revealed 
the potential of improving the poor national average grain 
yield. Previous attempts, on the other hand, were nearly 
entirely focused on ideal settings, with little consideration paid 
to all places, including highland environments (Table 1). 


Technology scaling-up 


As a result, a technology scaling-up program has played a 
key part in Ethiopia’s efforts to enhance poor farmers’ living 


Table 1: List of released highland sorghum varieties in Ethiopia. 


| No. | Variety Year of release Maintainer 


1 AL-70 1970 MARC/EIAR 
2 ETS 2752 1978 MARC/EIAR 
3 ETS 4946 1978 MARC/EIAR 
4 ETS 717 1978 MARC/EIAR 
5 ETS 2113 1978 MARC/EIAR 
6 ETS 3235 1978 MARC/EIAR 
7 ETS 2111 1978 MARC/EIAR 
8 ETS 601 1978 MARC/EIAR 
9 Chiro 1998 MARC/EIAR 
10 Muyra-1 2000 HU 

11 Muyra-2 2000 HU 

12 Chelenko 2005 MARC/EIAR 
13 Dibaba 2015 MARC/EIAR 
14 Fendisha-1 2015 HU 

15 Adelle 2016 MARC/EIAR 
16 Jiru 2016 MARC/EIAR 


Source: EIAR, 2019. 
Where MARC = Melkassa Agricultural Research Center, EIAR = Ethiopian Institute of 
Agricultural Research. 
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conditions. Almost all of the technologies that are recommended 
and licensed for widespread use by farmers want to be tested 
and demonstrated to them. These methods have been built up 
on huge cultivated areas of agricultural land in recent decades. 


Food security, which is basically the ultimate goal of almost 
all breeding projects, is primarily dependent on long-term 
production support with suitable technical interventions. At 
different eras, several platforms were employed to improve 
research-extension—farmer linking programs. Pre-extension 
demonstration and technology promotion program, farmers’ 
research groups for technology promotion, farmers field, and 
pre-scaling up of agriculture technologies by research centers 
in collaboration with other agriculture and rural development 
partners at the federal, regional, zonal, and wereda levels are 
just a few examples. All of these initiatives, as well as a few 
others, were designed to develop an effective interface between 
the research system and extension [26-30]. 


Research and development gaps in sorghum improve- 
ment to value chain 


Ethiopian Institute of Agricultural Research has developed 
15 years strategic plan for sorghum improvement to the 
customers (end users) value chain [22]. The strategic document 
contained both research and developmental gaps for the last 
five decades being challenging in the improvement of sorghum. 
The major research and development gaps include. 


Research gaps 


* Lack of improved sorghum varieties that combined grain 
yield, resistance/tolerance and quality that adapted to 
different agro-ecologies 


* Inadequate popularization and dissemination of the 
existing technologies 


* Inadequate value chain development 
* Lack of value-added sorghum products 


* Limited research on quality for injera making, ago- 
processing (alternative market products and breweries) 


* Limited research on sorghum crop management 


* Information and Knowledge gap on input - output 
market of sorghum 


Developmental gaps 


* Lack of strong seed system specifically the formal seed 
sysytem 


* Lack of supportive policy for sorghum seed system and 
grain marketing 


* Absence of grain markets when farmers or investors 
produce large grain sorghum 


* Most of the sorghum grain produced is sold in local 
markets 


* Absence of agro-processing industries 
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Summary and conclusion 


Sorghum improvement research initiatives have aimed to 
develop and benefit new production technology throughout the 
previous five decades, ultimately contributing to food security 
and increased household income in farming communities. 
These included the development and demonstration of new 
technology, as well as the distribution of early seed to farmers. 
The different teams were able to produce and distribute a 
list of sorghum varieties, as well as the best-bets of crop 
management and protection choices, which have been vital 
for the growth of the sorghum sector in this country, using a 
huge number of sorghum germplasm. Efforts at the regional 
and national levels to promote this technology to a wider user 
resulted in a dramatic transformation in the lives of Ethiopia’s 
small farmers. 


The main production constraints of highland sorghum in 
Ethiopia, which result in lower productivity and production, 
are related to factors such as unfavorable conditions for crop 
growth and production imposed by biotic and abiotic stresses, 
which resulted in significant sorghum yield loss in terms of 
quantity and quality. There were not only constraints, but also 
opportunities, such as the availability of starter technologies 
from previous research efforts, the successes of prior scaling- 
up activities that paved the way for future similar endeavors, 
high annual rainfall distributions, low temperatures, and 
favorable government policies that support agriculture. 


The need for improved production technology is projected 
to rise over time as more farmers become aware of the 
advantages. Seeds of improved varieties, especially those that 
meet food security requirements, have not yet been properly 
developed and made available to needy farmers. In terms of 
technological generation, in addition to local needs arising 
from physical conditions, farming techniques and consumer 
demand were not effectively handled. 


Building the capacities and capabilities of the coordinating 
and cooperating research centers through various forms 
of technical, material, and financial support holds a lot of 
promise for generating need-based technology options, 
making them available to farmers, and ensuring proper 
promotion and application in production on a long-term basis. 
Through increased participation of collaborative research 
centers and decentralization of the research process and seed 
system, efforts should be made to ensure that the research 
and development process will continue independently to offer 
advantages to a large number of people quickly. Increasing the 
genetic diversity of source material to enable the creation of 
new possibilities. 


It goes without saying that EIAR has been instrumental 
in reducing poverty and enhancing livelihoods on a national 
scale. The pioneering role that this prestigious Institute played 
early in the history of highland sorghum research resulted 
in the identification of cultivars as well as crop management 
and protection measures that raised yield, stress resistance, 
and quality. However, it is considered that there is still a lot of 
“hidden” potential in highland sorghum that may be tapped to 
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help farmers improve their living. This potential, which can be 
partially released by “cracking” this hide using sophisticated 
scientific instruments, had only been partially realized during 
the previous five decades. 


We must face the harsh reality that a few agricultural 
activities alone will not allow us to achieve maximum yields 
above a certain point. We often believe that combining a 
mutually available range of fields and organizations with 
varying responsibilities in technology multiplication, 
generation, promotion, and market/product production will 
boost future productivity. Multidisciplinary techniques, system 
sustainability with temporal and spatial intensification, and 
the participation of important stakeholders, including farmers, 
in technology multiplication, generation, promotion, and 
effective application in production are all areas of interest. 
Finally, a comprehensive approach is required, in which each 
field and other partners, such as donors, complement and 
reinforce one another. 
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